Introduction
The quality of in vitro produced (IVP) embryos is compromised compared to their in vivo-derived counterparts due to suboptimal factors still existing in in vitro embryo production systems (Gordon, 2003; Lonergan et al., 2003) . During the IVP procedures, oocytes and preimplantation stage embryos are exposed to environmental stress factors such as fluctuations of temperature and pH, and the presence of visible light, which all have negative effects on embryo development in vitro (Bavister, 1995; Lane and Gardner, 2005) . During culture media changes and quality assessments, oocytes and embryos are exposed to intensive light from the microscope several times during IVP. The non-ionizing irradiation of visible light (350-800 nm) passes through non-pigmented embryonic cells causing production of reactive oxygen species (ROS), such as the hydroxyl radical, which are known to be toxic and/or mutagenic to mammalian cells (Godley et al., 2005) . In particular, the blue region (400-500 nm) of light is harmful due to its relatively high energy content and ability to penetrate tissues causing cellular damage (Godley et al., 2005) . In addition, infrared (IR) light (700-4000 nm) has been shown to induce oxidative stress and cause cell death in human spermatozoa (Kö nig et al., 1996) .
Light-induced damages in embryos may be characterized by several parameters such as embryo yield and quality, induction of apoptosis, DNA damage, ROS generation and alterations in heat-shock protein 70 (Hsp70) mRNA expression and protein levels (Takahashi et al., 1999; Rizos et al., 2003) . Besides constitutively expressed Hsps (e.g. Hsp73), which are essential for normal cell function (Birnbaum, 1995) , there is also an inducible form of Hsp (72 kDa) expressed in cells in response to adverse changes in their environment including a rise in temperature, hypoxia and light exposure (Minowada and Welch, 1995; Kelly et al., 1996; Yaglom et al., 2007) .
The detrimental effect of light exposure on embryos is well documented in rodents (Schumacher and Fischer, 1988; Barlow et al., 1992; Umaoka et al., 1992; Goto et al., 1993; Schumacher et al., 1998; Takahashi et al., 1999; Oh et al., 2007) . Previous studies on the effects of light have been conducted using hamster, rabbit or mouse embryos, where oocyte maturation and fertilization steps were carried out in vivo and only the recovered zygotes/embryos were exposed to light (Schumacher and Fischer, 1988; Umaoka et al., 1992; Goto et al., 1993; Schumacher et al., 1998; Takahashi et al., 1999; Oh et al., 2007) . In particular, exposure to microscopic light compromised development of two-cell rabbit (Schumacher and Fischer, 1988; Schumacher et al., 1998) and hamster embryos (Umaoka et al., 1992; Takahashi et al., 1999) . Detrimental effects of visible light on different embryo species resulted in reduced cell proliferation (Schumacher and Fischer, 1988) , DNA damages (Takahashi et al., 1999) , increased Hsp70 mRNA expression (Oh et al., 2007) , intracytoplasmic ROS generation (Goto et al., 1993) and apoptosis (Oh et al., 2007) . However, in mouse embryos exposure to visible light had no effect on embryo cleavage rates or the number of live born offspring after the transfer, even though there was an increase in the production of ROS in embryonic cells (Barlow et al., 1992; Goto et al., 1993) . Despite research carried out in rodents, the effects of light exposure on embryo viability have not been studied through all steps of IVP. Bovine embryos offer a good and inexpensive model for IVP in human fertility treatments, since they are more sensitive than murine embryos to atmospheric, pH and temperature conditions (Ménézo and Hérubel, 2002) . In addition, IVM is becoming a part of human fertility treatments, and the maturation of bovine and human oocyte is controlled in a similar manner (Ménézo and Hérubel, 2002) , so that bovine oocytes are valid for testing any environmental stress factors affecting maturation that has high impact on subsequent embryo development and quality.
The aim of this work was to compare the effects of green light by using a green filter passing wavelengths between 498 and 563 nm, and a wider bandwidth of stereomicroscopic light on bovine embryo development rates, total cell counts and the presence of both the constitutive (Hsp73) and stress-inducible (Hsp72) forms of Hsp70 protein.
Materials and Methods

Materials and reagents
Cell culture dishes and centrifuge tubes were purchased from Nunc (Roskilde, Denmark), and reagents and solutions from Sigma -Aldrich (St Louis, MO, USA) unless otherwise stated.
Microscopes
Two stereomicroscopes SZ-PT and SZ-30 (Olympus, Tokyo, Japan) were used in the experiment. Both stereomicroscopes were equipped with a halogen lamp as light source (Philips 6 V 15 W). The SZ-PT was also equipped with a filter glass (Schott VG-9 NT46-054, BES Optics Inc., W.Warwick, USA) to constrict the wavelength of the light in the range of 498-563 nm. The filter glass transmittance curve can be found from the web page: http://www.besoptics.com/html/body_schott_vg9_filter_ glass.html, attached with a numeric data of transmittance. In the data, it is shown how the filter blocks the unwanted blue and IR regions of light: at the violet wavelength of 420 nm, only 0.5% of light is transmitted through the filter, while at the deep blue wavelength 450 nm the transmittance is 11%, and at the blue-greenish 490 nm it is 48%. Below 400 nm, the transmittance is ,10 25 , and the maximum is reached at green 530 nm, where it is 64%. If the transmittance is normalized so that at 530 nm it corresponds to 100%, then the 50% attenuation is reached at 475 nm. For the red 640 nm, the transmittance is 10%, and for the near IR at 1000 nm, it is 9%. For the mid-IR wavelengths at 2000 nm the transmittance is again relatively high, 72%.
Light intensity measurements
The measurements were made before starting the study. The light intensity of both stereomicroscopes was measured using a DeltaOhm Lightmeter that was equipped with the measurement probe LP471 RAD (HD2302.0, Padua, Italy). The light intensity was adjusted to three on a scale from three to six on both microscopes (43% of total intensity). The lightmeter was placed on the observation plane of each stereomicroscope, and the measurements were done through 0.6 mm aperture, under true in vitro conditions in order to measure the light as experienced by the developing embryo. The small aperture was used in order to sample the small specific area in the possibly unevenly illuminated image plane. Because the lightmeter measures power per area, and it was originally calibrated for the full probe area, reduction of the size of the measurement aperture also caused corresponding reduction in the lightmeter reading. 
Measurement of the spectral characteristics of microscope lighting
In order to determine the relative extent of shortwave exposure, causing photochemical damage and longwave exposure, causing mainly thermal damage, the spectra of the microscope lamp (Philips 6 V 15 W) was measured. Spectra were plotted using the AQ 6315A Optical Spectrum Analyzer (Ando Electric Co, now merged to Yokogawa, Tokyo, Japan). The measurements were performed by using the nominal 6 V voltage that corresponds to 13.5 W power, and the actual voltage used in the experiments, i.e. 3.5 V, corresponding to a power of 5.8 W. Also the effect of the green pass filter on the spectrum was verified.
To measure the average power spectral density (PSD) for the green and blue regions of the light, these bands were separated by additional bandpass filters: one with its central wavelength at green 520 nm, and bandwidth 35 nm, and a second at blue 472.5 nm, with a bandwidth of 30 nm (filters from Semrock, Rochester, NY, USA). The powers at those bands were measured using a non-selective light power meter (LaserCheck by Coherent, Auburn, CA, USA) after the filters. The values were divided by the bandwidths, in order to get the average PSD for the measured bands. These values were measured as the light intensity values directly from the lamps, not at the microscope focus, so they should only be used for the comparison of the spectrum shape. The voltage and current were measured using a model 77 digital multimeter (Fluke, Everett, WA, USA). All values are with +5% uncertainty.
General lighting
There were no windows in the laboratory and the general lighting of the laboratory was set on the minimum needed to run experiments.
In vitro embryo production
Six batches of bovine embryos were produced in vitro according to Korhonen et al. (in press) with some modifications. Briefly, abattoirderived ovaries were transported to the laboratory in saline at room temperature (RT). After aspiration of 2 -8 mm diameter follicles, oocytes with a minimum of three layers of cumulus cells were collected from the follicular fluid using either the microscope equipped with a halogen lamp (control group) or with a filter glass (filter group). These two groups were kept separately and followed throughout the entire study. Oocytes were washed twice in washing solution [Complete Ultra with 0.11% BSA (A-3311); IcpBio, Auckland, New Zealand], and once in IVM medium, before maturing them in four well dishes in 500 ml of IVM medium, 50-70 oocytes per well for 24 h in 5% CO 2 in humidified air. The maturation medium contained TCM199 medium with glutaMAX-I (Gibco TM , Invitrogen Corporation, Paisley, UK), 4 mg/ml FAF-BSA (Sigma A7030), 10 ng/ml hFSH (Puregon), 0.25 mM Na-pyruvate, 100 IU/ml penicillin and 100 mg/ml streptomycin. Before fertilization, the matured oocytes were washed twice in the washing solution and once in IVF medium (IVF-Talp, Parrish et al., 1988) , containing 4 mg/ml FAF-BSA and finally transferred into 500 ml drop of the IVF medium (70-100 oocytes per drop) containing 2.5 mg/ml heparin. One straw of frozen semen of IVF-tested AI bull was thawed in a water bath (358C, 1 min) and washed twice with Sperm-Talp (Parrish et al., 1988) containing 4 mg/ml FAF-BSA by centrifugation (100 g, 6 min, RT). The washed semen was diluted in IVF-Talp to give final concentration of 10 6 spermatozoa per milliliter. Spermatozoa and PHE (2 mM penicillamine, 10 mM hypotaurine and 1 mM epinephrine) was added to oocytes and co-incubated for 20 h at 398C in 5% CO 2 in humidified air. The cumulus cells of the presumptive zygotes were removed by vortexing and the presumptive zygotes were placed into culture drops of G1-solution (version 3; Vitrolife, Kungsbacka, Sweden) containing 4 mg/ ml FAF-BSA, 1 zygote/ml medium, under oil (light paraffin oil; Merck & Co., Inc., Whitehouse Station, USA). The culture took place in modular incubator chamber (MIC-101, Billups-Rothenberg Inc., CA, USA) in reduced oxygen content (5% O 2 /5% CO 2 /90 N 2 ) at 398C. On Day 3 or 4 zygotes were washed once in G2-solution (version 3; Vitrolife, Kungsbacka, Sweden) and non-cleaved oocytes were removed. After washing, cleaved zygotes were transferred into G2 drops and cultured until Day 8.
Evaluation of embryo cleavage, and Days 7 and 8 development
Embryo cleavage rate was calculated as the proportion of cleaved embryos at 72 -96 h following fertilization to the total number of zygotes placed into culture. Embryo development rates were evaluated on Days 7 and 8 following fertilization. The developmental stage and morphological quality of the embryos were recorded according to Robertson and Nelson (1998) . All embryo evaluation was done by the same person.
Preparation of embryo samples for western-blotting
After morphological embryo evaluation on Day 8, the Grade I -II blastocysts were washed four times in DPBS-PVP solution (Dulbeccó s PBS with 4 mg/ml polyvinylpyrrolidone; Sigma P-0930), and placed into lysis buffer containing 5% v/v dithiothreitol (100 mM DTT, Promega P-1171), 0.8% v/v Igepal (Sigma I-3021), 2.5% v/v RNasin 40 IU/ml (Promega N-2511) and added to 1000 ml of RNase free water. Embryos were put into 1.5 ml eppendorf tubes, plunged into liquid nitrogen and stored in a freezer at 2868C until analysis. For each group for western-blotting analysis, 60 embryos of different developmental stages were pooled together to prepare protein samples as follows: 
Detection of Hsp70 by western-blotting
Embryo lyzates were diluted (1:1) with 2Â concentrate of SDS sample buffer containing 2-mercaptoethanol (ICN Biomedicals Inc., OH, USA), heated at 958C with vigorous shaking for 5 min, cooled to RT and applied to polyacrylamide gels. Protein fractions were separated by SDS -PAGE (4% acrylamide in stacking gel and 12% in resolving gel) performed at 200 V constant voltage using a Mini-PROTEAN 3 Cell Phoresis unit (Bio-Rad) according to Laemmli (1970 (10-170 kDa) . The presence of constitutive or inducible forms of Hsp70 was proved by the presence of 73 or 72 kDa fractions (respectively) on the membrane based on the comparison with protein molecular marker. For the negative control, the membrane was treated as described, but the primary antibody was omitted.
Total cell counts
Another six batches of IVP embryos were produced with an identical IVP protocol to yield a Day 8 control group and a filter group of embryos for staining procedures. Embryos intended for total cell staining were kept in separate groups according to study group, developmental stages and morphological grades (BI, BII, XBI, XBII, HgBI, HdBI-II). Embryos were incubated in Hoechst 33 342 solution (100 mg/ml in phosphate-buffered saline (PBS) with 1 mg/ml BSA) with 16% v/v ethanol in PBS for 2 h at 398C. Embryos were washed once in PBS with 1 mg/ml BSA before being placed into a drop of antifade FluoroGuardTM medium (Bio-Rad Laboratories Inc., Hercules, CA, USA) on a microscope slide and covered with a coverslip. The stained cells were counted under UV illumination (Leitz Dialux 20, Oberkochen, Germany).
Statistical methods
The model employed in the analyses of embryo cleavage and development was a generalized linear mixed model (Molenberghs and Verbeke, 2005) which is an extension of a general linear mixed model to accommodate non-normally distributed outcome variables. The distribution of the number of cleaved embryos for treatment group j in IVP batch i (Y ij ) was assumed binomial with parameters n ij and p ij , where n ij is the number of zygotes placed in culture and p ij is the probability (proportion) of cleavage. The model, written in terms of p ij , had the following form: log [p ij /(1-p ij )] ¼ m þ b i þ t j , where m is the intercept, b i is the random effect of IVP batch i and t j is the fixed effect of treatment group j. The batch effects b i were assumed to be normally and independently distributed with zero means and constant variances, i.e. b i iid N(0, s 2 b ). The analysis of the number of blastocysts on Day 7 was based on the corresponding model. When analyzing embryo yield and the number of Grade 1 embryos the data for Days 7 and 8 were combined, and the models included treatment group, day and their interaction as fixed effects, and IVP batch (b i ) and its interaction with treatment group (bt ij ) as random effects. The assumptions for the random effects were: b i iid N(0, s 2 b ) and bt ij iid N(0, s 2 bt ), b i and bt ij independent of one another. The parameters of the models were estimated by using maximum likelihood estimation based on adaptive Gaussian quadrature (Molenberghs and Verbeke, 2005) . Tests of hypotheses for the fixed effects were based on Wald-type tests. The analyses were performed by the GLIMMIX procedure in version 9.2 of the SAS/STAT software.
The statistical analysis of total cell counts was based on a general linear mixed model (Littell et al., 2006) , where treatment group, combination of developmental stage and morphological grade, and their interaction were the fixed effects, and IVP batch, treatment group-by-batch interaction and experimental error were the random effects. The model was fitted by using the restricted maximum likelihood (REML) estimation method. The significances of the fixed effects were determined by an F-test, and the method described by Kenward and Roger (1997) was used to calculate degrees of freedom. The accuracies of the estimates were expressed through 95% confidence intervals (CI). The normality assumption of the residuals was checked by using the box plot (Tukey, 1977) , and the constancy of the variance for observations by plotting the residuals against the fitted values. The analysis was performed by the MIXED procedure in version 9.2 of the SAS/STAT software.
Results
Light intensity and radiant exposure
Three replicates of light intensity measurements were made and the average values are presented in Table I . There was a significant difference in light intensity between the control and filter-equipped microscopes. The total light intensity, as well as radiant exposure per embryo during the whole IVP procedure was 9.5-fold lower in the filterequipped microscope than the control. The total uncertainty for measurements was estimated as +5% (Calibration uncertainty given by the manufacturer ,5% and uneven illumination and pinhole placement uncertainty within the microscope field of view ,5%).
Measurement of the spectral characteristics of microscope lighting
For comparison with nominal, full power halogen illuminator, we also measured the PSD values of the lamps used in both microscopes in such conditions, i.e. 13.5 W, in addition to PSD corresponding to the actual power, 5.8 W that was used in both microscopes. The corresponding measurement was then done for the green filtered spectrum.
The full power lamp (13.5 W) had the following PSD values: for the 520 nm centred (green) part of the spectrum: 1.47 mW/nm; for the 472.5 nm centred (blue) part: 0.11 mW/nm. Thus the blue intensity was 7.5% of the green intensity. In comparison, the unfiltered spectrum for the lamp power used in the experiment (5.8 W, or 43% of the maximum power) had PSD values: for 520 nm: 0.39 mW/nm; for 472.5 nm: 0.015 mW/nm. Thus, the reduction of the incandescent lamp temperature already reduces the blue wavelength intensity to 3.8% of the green wavelength intensity. The green bandpass filter used in the experiments further reduced the intensity by a factor of 0.47 at these wavelengths (when the filter response was normalized to 100% at 530 nm) so, a combination of reduction in lamp power and filtering together reduced the blue wavelength PSD to 1.8% of the PSD of the green wavelength. The effect of the green pass filter is compared in Fig. 1 to the full power spectrum; the filtered 43% power plot would have a very similar shape but with the above mentioned power reduction (Fig. 1) .
Embryo development
Six batches of IVP embryos were produced resulting in development rates of 19% (n ¼ 164), 34% (n ¼ 199), 38% (n ¼ 172), 34% (n ¼ 316), 33% (n ¼ 284) and 35% (n ¼ 212) by Day 8 (n, number of oocytes put into culture), respectively. There was no evidence that the control and filter groups would differ when compared in terms
The wavelength of light affects embryo viability of embryo cleavage rate after fertilization, subsequent embryo development rates and morphological quality on Days 7 and 8 (Fig. 2) . Differences between the two groups and also dependencies of the differences on day (group-by day interactions) were found to be non-significant (P . 0.36).
Total cell counts
Six batches of IVP embryos were produced resulting in development rates 16% (n ¼ 179), 30% (n ¼ 195), 18% (n ¼ 160), 21% (n ¼ 146), 27% (n ¼ 171) and 20% (n ¼ 194) by Day 8 (n, number of oocytes put into culture), respectively. The mean total cell counts of the control and filter group embryos were compared in six different categories of developmental stage and morphological grade. However, the differences between the two groups were negligible in all the categories. On average, the difference in total cell counts between control and filter groups was 1.4 cell (P ¼ 0.89, 95% CI: 222.8, þ25.6).
As expected, total cell counts were dependent on the categories of developmental stage and morphological grade, the means being 155 (n ¼ 23), 127 (n ¼ 28), 188 (n ¼ 39), 141 (n ¼ 19), 239 (n ¼ 23) and 263 (n ¼ 27) for BI, BII, XBI, XBII, HgBI and HdBI-II, respectively (n, number of embryos tested).
Detection of Hsp70 (Hsp72/73 isoforms) presence using western-blotting Data of western-blotting (Fig. 3) show that in the embryos of the control group (microscopic light) both constitutive and stress-induced forms of Hsp70 were formed. When embryos were handled under the filter-equipped microscope, only the constitutive 73 kDa fraction of Hsp70 was present, whereas the stress-inducible 72 kDa isoform of Hsp70 was not formed.
Discussion
The use of microscopic light during IVP is a common stress factor which may compromise embryo development and viability (Ottosen et al., 2007) . The deleterious effect of light arises from disruption of mitochondrial homeostasis leading to ROS generation and disturbed ATP production, which can result in unbalanced cellular function and epigenetic regulation, and ultimately cause aberrant placental and fetal development . In this study, we equipped a laboratory stereomicroscope with a green pass filter Figure 2 Comparison of filter and control groups in terms of embryo cleavage, embryo development, blastocyst development and Grade 1 embryos. The dots represent the estimated (model-based) mean percentages and the bars represent the 95% confidence intervals for the means. Blastocysts ¼ early blastocyst-hatched blastocyst, All embryos ¼ compacted morula-hatched blastocysts (on Day 8 all developed embryos were in this category). Embryo cleavage and blastocyst/ embryo development were calculated as a ratio to the total number of zygotes placed into culture. Grade 1 embryos ¼ The percentage of grade 1 embryos calculated as ratio to total number of embryos developed on Day 7 or 8. the lamp was driven at 13.5 W, or full power (red), 43% power (blue) and filtered with the green bandpass filter (green). The logarithmic dB scale division in the Y-axis is shown in -3 dB increments, each corresponding to relative power reduction by half. The spectra were recorded at separate runs of the spectrometer, with possibly differing sensor head positions, so the relative positions of the three plots along the Y axis are arbitrary. Therefore, numerical comparisons between the three different cases were performed separately using a wideband power meter and switched bandpass filters for the measured spectral bands.
to verify whether the limited wavelength could improve in vitro embryo development rates and quality assessed by morphology, total cell counts and stress protein (Hsp72/73) level detection. The filter was chosen for two reasons. First, the filter limits the passing wavelengths to range of 498 -563 nm protecting the embryos from the deleterious blue and near IR regions of light. Secondly, since the human eye is most sensitive to the green region of the light, the intensity of the light of the halogen lamp used in a microscope can be lowered benefiting both embryos and the human eye (Parr, 2001; Poynton, 2003) . The lamp intensity would need to be increased about 500%, if red filtering was used with the same subjective intensity.
In this study, the microscope light intensity was set to 43% of the maximum. The microscope lamp intensity in this case-and typically in most microscopes-is controlled by voltage, which in turn has an effect on the lamp filament temperature, and subsequently on the spectral characteristics. So, when comparing the spectra, decreasing the lamp power to 43% of the maximum also reduced the intensity of the blue wavelength to 3.8% of that of the green wavelength. The reduction in lamp power together with the use of a green filter reduced the blue wavelength to 1.8% of the green wavelength intensity. Power measuring was not done for the spectral wavelengths longer than the green wavelength, as it is very clear from the power spectral plots in Fig. 1 that the main power in the unfiltered spectra is around the 680 nm (dark red) wavelength, and that power levels in the near IR region are close to the level of the green region. Equipping the microscope with the green filter attenuated greatly all visible and near IR wavelength radiation above 620 nm, and attenuated moderately the middle IR radiation. Additionally, in both groups, the halogen lamp in the microscope illuminators was equipped by the lamp manufacturer with a dichroic reflector that according to the manufacturer reduces the thermal IR radiation by 75% (The manufacturer's manual of instructions, Philips). The wavelength responsible for the stress experienced by control embryos remains unclear. The relative difference between the filter and control groups on the blue wavelength intensity is quite small, only 3.3 dB, whereas in the red and IR regions the difference is notable. The difference in those regions can be seen from the spectral plots in Fig. 1 (blue and green coloured curves), where the relative PSD level of the red region in the unfiltered case between 630 and 750 nm nm is at maximum 5 dB higher than the green region at 520 nm, and the near IR region from 750 to 1000 nm is at maximum about at the same level as the green region. In the green filtered version the red and near IR areas are reduced greatly, i.e. at least the 13 dB that is the dynamic range of the spectrometer at the plot (or from the filter specifications, e.g. to 8% in linear scale at 700 nm). Taking into account the widths of the filtered spectral bands, i.e. PSD times bandwidth that gives the corresponding power, we see that the total exposure decrease for the whole spectrum mainly comes from the part of the spectrum above the green band. No previous studies on the effects of IR irradiation on embryonic cells were, however, found.
When embryos encounter environmental stress factors, they produce heat shock proteins for cellular protection (Jolly and Morimoto, 2000) . Hsp73 is a constitutive form involved in normal cellular processes, whereas Hsp72 is a stress-inducible form expressed only in cells encountering stress. Hsp72 prevents aggregation of stress damaged proteins and assists in refolding of denatured polypeptides. It also inhibits the apoptotic signalling, e.g. by suppressing the proapoptotic c-Jun-NH 2 -kinase pathway (Yaglom et al., 2007) . In this study, filter-protected embryos expressed only the constitutive (73 kDa) form of the stress protein Hsp70, whereas the control group embryos expressed both the Hsp73 and Hsp72 forms of the protein indicating that the protection mechanism against light-induced stress had been induced. Since Hsp72 is known to inhibit apoptosis (Beere, 2004) , it was expected that the total cell counts of the filter group embryos would equal those of the control group. However, the staining method used in this study (Hoechst 33 342) did not distinguish between live and dead cells, and it is possible that apoptotic cells with still intact DNA structure were included in the total cell count. Goto et al. (1993) showed that H 2 O 2 production was elevated in mouse in vivo embryos when the time of exposure to light was increased from 1 to 10 min. Schumacher and Fischer (1988) , on the other hand, reported that no differences in thymidine incorporation were found in rabbit in vivo embryos exposed to light, whether for 4 Â 1 or 1 Â 4 h. It seems that the total time of light exposure is more important than the number of exposures. In our study, several short exposures of oocytes and embryos to two different wavelengths of light had no effect on embryo development rates or total cell counts on Day 8, but the expression of stress-related proteins suggested that stronger stress was experienced by control group oocytes and embryos.
A recent study by Oh et al. (2007) reported improved in vitro development of hamster embryos when the wavelengths of microscope light were cut off below 500 nm. On the contrary, no differences in either embryo development rates, or in morphological quality between the control and filter groups were found in our study. The explanation for this contradiction may be the different filters used in these studies, as well as the exceptional sensitivity of hamster embryos to environmental factors when compared to embryos of other species (Oh et al., 2007) . No species has yet been proven to be the most appropriate model for human assisted reproductive technology (ART), so bovine, mouse, hamster and sheep embryos are all currently used for this purpose Ottosen et al., 2007) . In human infertility treatments, in vitro oocyte maturation and culture up to the blastocyst stage are becoming part of the IVP toolbox. Environmental factors during IVP can substantially affect oocyte quality and the outcome of embryo production (Rodriguez and Farin, 2004) , and therefore studies that evaluate these factors during all steps of IVP are needed. Bovine in vitro embryos offer a suitable model for such studies.
In conclusion, in this study, the use of a green pass filter in the stereomicroscope had no effect on embryo yield, morphological quality or total cell count compared to the control group. The protective effect of the filter against harmful regions of the light was seen, however, from the level of stress protein Hsp70. Constitutive form Hsp73 was seen in both groups, but inducible stress response form Hsp72 only in the control group. From our results it is, however, impossible to determine whether the light-induced stress was caused by the blue or IR region of light, or both. We showed that an easy to use and inexpensive green pass filter decreases the stress caused by light during IVP procedures without affecting either the accuracy of embryo monitoring or the need to increase the light intensity.
The wavelength of light affects embryo viability
